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Abstract: Harlequin duck (Histrionicus histrionicus) life-history characteristics make their populations par-
ticularly vulnerable to perturbations during nonbreeding pennd_v. The 1989 Exxon Valdez oil spill was a major
]rrturbatmn to nonbreeding habitats of harlequin ducks in Prince William Sound, Alaska, which resulted in
population injury. To assess the status of population recovery from the oil spill and to evaluate factors potentially
constraining full recovery, we used radiotelemetry to examine survival of adult female harlequin ducks during
winters of 1995-96, 1996-97, and 1997-98. We implanted 294 hardequin ducks (154 and 140 in oiled and
unoiled areas, respectively) with transmitters and tracked their signals from aircraft during October through
March. We examined variation in survival rates relative to area and season (early, mid, and late winter) through
comparisons of models using Akaike’s information criterion (AIC,) values. The 3 models best supported by the
data indicated that survival of birds in ciled areas was lower than in unciled areas. Inclusion of standardized
body mass during wing molt in the 3 best models did not improve their fit. indicating that body mass during
wing molt did not affect subsequent winter survival. In the model that best fit our data, survival was high in
early winter for both areas, lower during mid and late winter seasons, and lowest in oiled areas during mid
winter. Cumulative winter survival estimated from this model was 78.0% (SE = 3.3%) in oiled areas and 83.7%
{SE = 2.9%) in unoiled areas. We determined that area differences in survival were more likely related to
oiling history than intrinsic geographic differences. Based on a demographic model, area differences in survival
offer a ||]:-E'h mechanism for observed declines in populations on oiled areas. Concurrent studies indicated that
harlequin ducks continued to be exposed to residual Exvon Valdez oil as much as 9 years after the spill. We
suggest that oil exposure, mortality, and population dynamics were linked and conclude that continued effects
of the il spill likely restricted recovery of harlequin duck populations through at least 1995,
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Harlequin ducks spend most of their annual
cvele in nearshore marine environments, with
breeding age birds leaving only for a few sum-
mer months to nest and raise broods on fast-
moving streams (Robertson and Goudie 1999).
Populations of harlequin ducks may be partic-
ularly sensitive to perturbations to their non-
breeding habitats. Harlequin ducks, like many
sea ducks, exhibit a life history in which variable
and generally low annual reproductive effort is
compensated by relatively high adult survival
and long reproductive life spans (Goudie et al,
1994). This type of life history would be ex-
pected to evolve under conditions of predict-
able and stable nonbreeding environments
(Stearns 1992). Further, Goudie and Ankney
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(1986) described h:irlequi:u ducks, which are
small-hodied relative to most other sea ducks,
as Fxl'-:hng Near an Energ-etlr. threshold dunng
winter, with little flexibility for increasing caloric
intake or relving on stored reserves. While this
strategy may be tenable under predictable and
stable conditions, it does not accommodate per-
turbations that result in either decreases in en-
ergy acquisition or increases in metabolic costs.

The release of nearly 42 million liters of
crude oil into the waters of Prince William
Sound as a result of the March 19588 grounding
of the Exvon Valdez was a significant perturba-
tion to the nonbreeding habitat of harlequin
ducks. As much as 40% of the spilled oil was
deposited in intertidal and subtidal zones of
Prince William Sound {Galt et al. 1991, Wolfe
et al. 1994), the habitats used by harlequin
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Siudy sites for estimating survival of adult female har-

Fig. 1.
lequin ducks in Prince Wiliam Sound, Alaska. Shorelines in

bold reprasent capture areas. The oil spill area is bounded by
dashed lines.

ducks, and some residual oil was still present in
these areas during our study {Hayes and Michel
1999). Immediate bird mortality from the
Exxon Valdez oil spill was high (Piatt et al. 1990}
and more than 1,000 h,ar]equin ducks were es-
timated to have died as a direct result of the
spill (J. Piatt, U.S. Geological Survey, personal
commumnication). Further, there are concerns
that there may be continued, longer-term ef-
fects on harlequin duck populations in oil spill-
affected areas (Holland-Bartels 2000),

This study was part of a program to assess
population recovery of harlequin ducks from
the Exxon Valdez oil spill in Prince William
Sound. We focused on adult female survival
during winter because (1) population dynamics
of long-lived waterfowl species are particularly
sensitive to r:hanges in adult female survival
{Goudie et al. 1994, Schmutz et al. 1997), (2)
harlequin duck populations are likely sensitive
to perturbations on wintering areas, and (3)
Prince William Sound is used primarily by har-
lequin ducks during nonbreeding life stages.
Paine et al. (1996), in a critique of studies im-
mediately following the Exxon Valdez oil spill,
recommended that demographic measures like-
ly provide a better assessment of injury than
species occurrence or abundance. We agree,
and suggest that demographic studies not only
serve to assess injury or recovery status, but also
can lend insight into the processes and mech-
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Fig. 2. Winter survival probabilities for harlequin ducks in
Prince William Sound, Alaska, based on (a) Kaplan-Meier es-
timates and (b) the 3 best-fitting reduced modeds (see Table 1).

anisms underlving any constraints to full recov-
ETy.

METHODS

As described by Paine et al. (1996), the Exxon
Valdez oil spill was an imperfect experiment—
a one-time perturbation without replication
and, as in the case of wintering harlequin ducks,
with little prespill data for comparison. Under
these conditions, our approach was to compare
oiled and unoiled areas, while attempting to
minimize or account for differences between
areas that might confound interpretation of oil
spill effects (Wiens and Parker 1995). We rec-
ognize that our statistical inference is to areas
only, and that assessment of oil spill effects is
subject to interpretation. We present ancillary
data relevant to this interpretation.

Data Collection

This study was conducted in Prince William
Sound (60°N, 148°W), the area most affected
by the oil spill, during winters of 1995-96,
1996-97, and 1997-98. We used radiotelemetry
to estimate survival of adult female harlequin
ducks captured throughout the oil spill zone and
on nearby unoiled Montague Island (Fig. 1).

Harlequin ducks, unlike most waterfowl, un-



]. Wildl. Manage. 64(3}:2000

dergo wing molt on their marine wintering ar-
eas {Robertson and Goudie 1999). We herded
Hocks of flightless birds into funnel traps using
sea kayaks during 20 August to 17 September,
1989597, the dates of peak wing molt by adult
females. Captured harlequin ducks were re-
moved from the trap, placed in holding pens
and transp-c-rtcd by skiff to a larger vessel Ibr
processing. All birds were banded with unique
U.S. Fish and Wildlife Service aluminum bands,
We identified sex based on plumage character-
istics and estimated age class h}' pmhiug bursal
depth {Mather and Esler 1999). Eud}r mass (*1
g:' Was 'I'I'lEH.E'I_lT'Ed QT Al EIEI’.’[THIIiL’.’ hﬂﬂ]’lﬂl‘.‘.

Radiotransmitters were im[:llanted :-:urg_i::aﬂy
into adult {after third year} female harlequin
ducks using modifications (Muleahy and Esler
1989] of the procedure described by Korschgen
et al. (1996). Surgeries were conducted by vet-
erinarians experienced in avian implant proce-
dures, Implanted transmitters have been used
successfully in waterfowl studies (Olsen et al,
1992 Haramis et al. 1993), and an increasing
body of literature suggests that radiotransmit-
ters implunted into wild waterfow] are less dis-
ruptive than external methods of attachment
{Esler et al. 2000). Transmitters weighed =17.5
g {<3% of average body mass of adult females
during wing molt}) and had external antennas
(Mulcahy and Esler 1999). Birds recovered
from anesthesia for at least 1 hr betore being
released at their capture sites.

Radiomarked harlequin ducks were moni-
tored uppmximatel}f "."-"E-EH}-‘ from an airplane to
determine mortality status and location. Moni-
toring Hights began after the first birds were
radioed and continued through the last week of
March. Transmitters were equipped with mor-
tality sensors that indicated death of a bird by
doubling the transmitter pulse rate. Indicated
mortalities were confirmed either by recovery
of the radio or location of the radiosignal in up-
land habitats, which harlequin ducks do not use
during the nonbreeding season. When radiosig-
nals were lost, monitoring continued until the
end of March.

Data Analysis

Unbiased survival estimation using telemetry
requires that several critical assumptions are
met (Pollock et al. 19592, Tsai et al. 1999), in-
cluding (1} radiced animals are representative
of the population of interest, (2] survival is in-
dependent among individuals, (3) radiomarking
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does not affect survival r.luring the stud}' peﬁnd,
and (4} censoring of animals for which signals
are lost is independent of the fate of those an-
imals (i.e., missing animals are no more or less
|il|;e1:.r to be dead than animals for which fate is
known). We felt that the first 2 assumptions
were met based on our capture technique and
marking regime. We perceived little chance of
o F}’Stﬁmﬂti[‘-ﬂll}' hi&ﬂﬁ'd EH.ITI'FIIE hEL'iE'l'.[ 07 HHS-'EFP-
tibility to capture, as we often were able to
catch most birds within a given shoreline seg-
ment. Also, because we were marking only adult
females, we felt that survival among individuals
was independent beyond shared area effects
(e.g., we were not marking both members of a
pair or a mother and her offspring). We explic-
itly tested assumptions 3 and 4 (Esler et al.
2000} and found that these were met for our
sample,

For each week’s sample of relocations, we
counted mortalities and numbers of harlequin
ducks at risk of mortality {i.e., numbers of de-
tected radios), following procedures outlined in
FPollock et al. (1989a.b) and Bunck et al. (1595).
We used 1 October as the beginning of the data
analysis period to ensure that all birds in the
sample had survived a 14-day post-surgery cen-
sor period (Muleahy and Esler 1999) and had
completed wing molt. We made an a priori de-
cision to combine data from all vears to assure
adt—:quute power for dEI:r.-:r:l'iug hiulugicali}f
lllEﬂ[lj]lg_ﬁ.l.I d.i[TETEIlL“:‘.‘i ]'JEt'ﬁ"l‘."E-‘I!. areas, .ﬁ. EIIIH.].I
number of birds (n = 6) moved between oiled
and unoiled areas during winter; if a bird was
detected in a different area for =2 consecutive
observations, we included those observations in
the at-risk data set for the newly occupied area.

We defined seasons as early winter, mid-win-
ter, and late winter, corresponding to the first 9
weeks of data collection, the middle 8 weeks,
and the final 9 weeks. Our most general survival
model contained 52 parameters (i.e., 1 for each
area and week} and corresponded to the Kap-
lan-Meier method (Pollock et al. 198%9a) of
computing binomial estimates of survival. Vari
ance estimates for this model were calculated
using Greenwood’s formula (Pollock 1989q). We
examined the effects of season, area, and sev-
eral season h}-‘ area interactions on survival b}'
comparing a series of reduced {fewer parame-
ters; models, in which survival was constrained
to be constant among weeks within each season
and area combination. We based our inference
on the model or models that best fit our data,
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Table 2. Parameter estimates (SE) for the top 3 models de-
acribing adult famale harlequin duck survival during winter in

Prince William Sound, Alaska. See Table 1 for model de-

sCriptions.

SELsnt

Ciled wreas

Unniled areas

Model 1
Eur|:.' winber
Mid-winter
Late winter
{(werall

Model 2
Early winter
Mic-winter
f.ate winter
Crerall

Madel 3
Earlv winter
Mid-winter
Late winter

Crerall

0,969 ((0.012)
0870 (0.031)
0.925 (0.016)
0.7H0 (0.033)

(0,969 ((LO12)
0870 (0.031)
0.914 (0.021)
0770 (0034}

0,969 (0.012)
0,870 (0031}
0910 (00307
0.767 (0.039]

(0,868 (0.012)
(.934 (0.014)
0.925 (0.016)
(.537 (0.029)

0,969 (0.012)
0.833 (0,.020)
(.914 (0021}
0.543 (0.029)

0,965 (0.012]
0,940 (0.017]
0.933 (0.019]
0.550 (0.00534)

& Bageryns g of differine |-r'||,gr|'|x ||-'..1r|:.' = O oweeks, mald = 4 weeks,
anid e = 9 weeks!

as determined by comparisons of AIC, values
(Burmham and Anderson 1998). The AIC, in-
dicates the most parsimonious model by bal-
ancing the goodness-of-fit of each model {from
the maximum likelihood} with the number of
parameters to be estimated. Under this ap-
proach, the model with the lowest AIC, indi-
cates the parameters that are supported by the
data, which we inteq‘:reted as factors related to
variaion in survival. Models with AIC, values
within 2 units of the AIC, of the best-fitting
maodel are substantially supported by the data
{Burmham and Anderson 1998), and thus we
EI.I.SEI Eﬂﬂﬁil’]ﬁ'rﬂd t]'.I.E-' iﬂfE‘TE—'nEE ﬁ'ﬂ""l t]'.l.f:l!ﬁ-{'! ]TH'Jd-
els. We also calculated AIC, weights for each
maodel, which is the w:.—::ight of evidence that the
muodel is the best of the models considered, giv-
en the data. The AIC, weights for a collection
of models sum to 1 and can be used to contrast
relative support for each model, and hence the
support for the model inference. Survival esti-
mates and variances were calculated by iterative
solution of the likelihood using program MARK
{White and Burnham 1999). Use of AIC, to di-
rect model selection and inference deviates
from traditional analyses based on significance
testing, but i1s :-;u[:lpurted b}f a growing bud}f of
literature describing the pitfalls of statistical hy-
pothesis tests (Johnson 1899}, particularly for
ohservational studies.

We also assessed whether body mass during
wing molt affected subsequent survival by add-
ing standardized body mass to the best-fitting
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models as determined above. A reduction in
AIC, value would indicate that the addition of
the body mass term resulted in a more parsi-
monious model and that body mass during wing
molt was related to winter survival. Eu-d}' THaSS
was standardized to account for annual, geo-
graphic, and molt-stage variation unrelated to
our hypothesis of interest by using residuals
around a general linear model (Esler et al
2000} as the body mass parameter. Body mass
residuals could not be calenlated for 12 of the
radioed birds, which were excluded from this
analysis.

RESULTS

On 1 October, the beginning of the survival
monitoring period, 294 radiomarked adult fe-
male harlequin ducks were included in the sam-
ple (154 at oiled areas and 140 at unoiled areas).
Kaplan-Meier estimates of cumulative winter
survival were 76.6 * 4.0% in oiled areas and
56.6 * 3.2% in unoiled areas (Fig. 2A).

We contrasted 11 different models with var-
ious area and season combinations (Table 1). In
the best-fitting model (Model 1), survival varied
by season and area, with estimates higher in
early winter than other seasons and lower in
olled than unoiled areas during mid-winter (Ta-
ble 2). Cumulative winter survival estimated
from this model was 78.0 = 3.3% in oiled areas
and 837 * 2.9% in unoiled areas. Two other
models (Models 2 and 3; Table 1) had AIC, val-
ues <2 units higher than Madel 1. In Model 2,
survival varied h}-‘ season and was lower in oiled
areas than unoiled during mid-winter (Table 2},
In Model 3, survival was high in the fall for both
areas, lower and constant during mid and late
winter on the unciled area, and lower on oiled
areas than unoiled during mid and late winter,
particularly during mid-winter (Table 2}, These
3 best models all included an area effect, with
survival on oviled areas lower than on unciled
areas (Fig. 2B). The sum of AIC, weights for
models without an area effect was <0.05, indi-
cating that area effects were strongly supported
by the data. Similarly, seasonal effects were well
supported by the data, with sunvival during ear-
|}' winter Eﬂnsistentl}* higll&r than in mid and
late winter in the 3 best models. Inclusion of
standardized body mass increased AIC, values
of Models 1. 2. and 3 (change in AIC. =0.68),
indicating that mass during wing molt was not
strongly related to subsequent winter survival.

A difficulty inherent in our study design was
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determining whether survival differences be-
tween oiled and unoiled areas were more likely
related to intrinsic differences (such as habitat,
disease, climate, or predator densities) rather
than history of oil contamination. To address
this, we looked more closely at data for birds {n
= 75) from the Green Island area. Although
Green Island was in the oil spill area, it was
closer to unoiled Montague Island than to other
oiled sites (Fig. 1). Also, habitats and harlequin
duck densities (D. Esler, unpublished data)
were similar to the Montague Island study area.
We found that the Kaplan-Meier estimate of
cumulative survival of birds captured at Green
Island (76.8 * 5.7% was more similar to that
for all oiled areas combined than to unoiled
Montague Island. We also contrasted a general
season by area model {modified Model 8, Table
1; 3 areas = Green Island, other oiled areas,
and unoiled Montague Island) to 2 models each
with 2 areas {1 model with Green Island pooled
with other oiled areas and 1 model with Green
Island pooled with Montague Island). The AIC,
for the model with Green Island pooled with
other ciled areas was =3.94 units lower than
either of the other 2 models, suppesting that
oiling history better explains differences in sur-
vival between areas than do intrinsic area dif-
ferences.

DISCUSSION

Winter survival of adult female harlequin
ducks was lower on viled areas than unoiled ar-
eas, primarily due to poorer survival on oiled
areas during the mid-winter period. In both ar-
eas, survival during early winter was higher than
during mid or late winter. To understand how
these estimates of survival might influence pop-
ulation dynamics, we incorporated the overall
cumulative winter survival estimates for each
area from Model 1 into a harlequin duck pop-
ulation model (Robertson 1997}, holding all
other parameters constant, The estimate of an-
nual population change () was 0.9464 for oiled
areas (i.e., annual population declines of about
5.4%). For unoiled areas, A was 1.0054, sug-
gesting a relatively stable population. These es-
Hmates are consistent with trends estimated
from population surveys conducted during fall
1995-97 (Rosenberg and Petrula 1998). Differ-
ences in adult female survival offer a likely
mechanism for differences in population trends
between areas, and further poor survival on
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oiled areas may be responsible for population
declines.

Our data suggest that area differences in win-
ter survival are more likely due to history of oil
contamination than intrinsic area differences.
For oiling history to affect survival probabilities
and subsequent population trends, there must
be some mechanism by which birds from oiled
areas are compromised. One potential mecha-
nism is that the immediate effects of the spill
or subsequent effects of residual oil resulted in
reductions of prey populations. However, dur-
ing the p-eriud of this L-;tud:-,f, d&n:-;it}-' andd abun-
dance of prey were similar between oiled
Knight Island and unciled Montague Island
(Holland-Bartels 2000) and winter body mass of
female harlequin ducks was similar between
oiled and unoiled areas (Holland-Bartels 2000,
This suggested that differential food abundance
was not respunsible for differences in survival
between areas.

Exposure to residual Exxon Valdez oil is an-
other potential mechanism by which harlequin
duck survival could be affected, as oil exposure
is known to have deleterious toxic (Leighton
1993) and metabolic (Jenssen 1994) conse-
quences. To determine if harlequin ducks in
Prince William Sound were still being exposed
to residual oil, Trust et al. (2000} measured in-
duction of L‘}rtm:}lmme P4501A (P430), which
can indicate exposure to polveyelic aromatic hy-
drocarbon constituents of crude oil, in harle-
quin ducks captured during winter 1998 in both
ciled and unoiled areas. Cytochrome P450 in-
duction was much higher in harlequin ducks
from oiled areas than those from unoiled areas,
and Trust et al. (2000} concluded that this was
almost certainly due to exposure to residual
Exxon Valdez oil, because background hydro-
carbon levels were negligible in intertidal areas
of Prince William Sound prior to the oil spill
(Short and Babcock 1986} and polychlorinated
biphenyl (PCB) levels were low and similar be-
tween areas (Trust et al. 2000). Further, some
residual oil was documented in nearshore hab-
itats contemporary with our study (Hayes and
Michel 1989). Finally, P450 results from harle-
quin ducks are consistent with those from sev-
eral other nearshore vertebrates from oiled ar-
eas (B. Ballachey, U.S. Geological Survey, un-
published data).

Could exposure to residual Exxon Valdez oil
result in lower survival and concomitant popu-
lation declines? Most lab studies have shown
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that mallards (Anas piatyrhym:}m#] are tolerant
of ingestion of oil, with acute toxic effects not
evident until very high doses. These studies
have been used to suggest that harlequin ducks
should be unaffected h}' residual Exvon Valdez
oil (Stubblefield et al. 1995, Boehm et al. 1996).
However, other studies have found that the ad-
dition of other stressors such as cold tempera-
tures caused oiled ducks in the lab to suffer
considerably higher mortality than unoiled birds
(Holmes et al. 1978, 1979). This r:umpuunding
effect of environmental stress and oil exposure
SEETs '_"[_'l !'H:‘ el ITLOre: ﬂppr:‘.nprialﬁ ﬂtlﬂﬂg f:['l'[' "."l.?i[l'.:l
harlequin ducks, which exist under relatively
harsh winter conditions with little fexibility for
JL‘anm{H.thmg ddd.ltl"'-"l':‘ stresses [Fﬂ"l]dlE ;i.'l'll'.:l
ﬁnkne 1986). Our data indicate that mid and
late winter may be stressful periods in the an-
nual eyele of harlequin ducks even under un-
perturbed conditions, as survival on unoiled ar-
eas was lower during these seasons than during
early winter.

The divergence of sunvival probabilities be-
tween oiled and unociled areas durirlg mid-win-
ter (Fig. 2) is consistent with a hypothesis of
additive effects of oil in the presence of other
stressors. Harlequin ducks are visual foragers,
and during mid-winter when day length is
shortest, they spend most of their time feeding
(Goudie and Ankney 1986, Fischer 1998).
Prince William Sound is one of the farthest
north-wintering areas for harlequin ducks (Rob-
ertson and Goudie 1999), thus du:-,fljght available
tor ﬂjrﬂging may be purticulu.rl}' limited. Be-
cause harlequin ducks have little flexibility for
meeting increased energy demands during win-
ter {Goudie and Ankney 1986), which could re-
sult from either ingestion of hydrocarbons or
plumage oiling {Jenssen 1994), they may be un-
able to accomodate additive etfects of the woil
spill, even if relatively small. We speculate that
differences in survival and population trends are
related to documented differences in contami-
nant exposure {Trust et al. 2000}

MANAGEMENT IMPLICATIONS

Although populations of some animals may
be unaffected or recover rapidly from oil spill
effects (Bowman et al. 1995, 1997; Wiens et al.
18996}, others such as harlequin ducks have
characteristics that make them wvulnerable to
population-level effects of oil spills for years fol-
lowing the event. For harlequin ducks, these
characteristics include a life history requiring
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high adult survival, oceurrence in habitats most
affected by oil spills (and which may hold resid-
ual oil for years), adaptation to stable and pre-
dictable marine environments, and high site fi-
di'.-_'.'llh These traits also make hdrfequm ducks,
and similar species, vulnerable to chronic, low-
level wil pollution (Clark 1984). In the cases of
either oil spills or chronic oil pollution, the pri-
mary management recommendation is, of
course, prevention; oil that does not go into the
water does not threaten marine hifd pl:rpu]a-
tioms. Unfurtun.'-ltel}' for harlequin ducks in the
:-;pill-afﬁ-rr:ted area, there is little direct manage-
ment action that now can improve winter sur-
vival. Hunter harvest of harlequin ducks is neg-
ligible in Prince William Sound and bag limits
already were reduced following the oil spill. The
extent of the Exxon Valdez oil spill zone is too
large to recommend intensive habitat restora-
tion; also, residual oil may be deeply buried in
sediment {Hayes and Michel 1999) and oil re-
moval efforts could result in significant disrup-
tion of intertidal habitats. Therefore, recovery
of harlequin duck populations in Prince William
Sound will depend largely on natural dispersal
and degradation of residual oil and intrinsic
population growth.

Wintering aggregations of harlequin ducks
are demographically distinct at a relatively fine
scale (Cooke et al, 2000). Winter site ﬁdehn of
harlequin ducks is high to specific stretches of
coastline {Robertson 1997, Cooke et al. 2000)
and pair formation occurs on the wintering ar-
eas (Gowans et al. 1997, Robertson et al. 1998).
Thus, factors that affect survival rates on marine
areas can have disproportionate and cumulative
effects on these local subpopulations. Fortu-
nately in the case of the Exxon Valdez oil spill,
levels of dispersal are high enough that subpop-
ulations within the northern Gulf of Alaska
were not genetically distinet {Lanctot et al.
1999); the oil spill did not threaten a unique,
Evﬂlutimlarﬂ}f signiﬁr:unt unit {Moritz et al.
1995). However, dispersal rates likely are low,
and because of demographic isolation, recovery
of groups of birds in oiled areas must occur pri-
marily through recruitment specific to that
group (i.e., numbers are not enhanced through
immigration from other areas). Population re-
COVETY will require not ﬂnl}' time for demo-
graphic processes to operate, but also elimina-
tion of continuing deleterious oil spill effects.
Our data suggest that deleterious effects of the
Exxon Valdes oil spill were evident as many as
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9 years following the spill. Managers must rec-
ognize that, while oil spill effects may be short-
lived for some species, full population recovery
for species like harlequin ducks may require de-
cades. In a broader context, the characteristics
of h.'irlequ.in ducks that make them vulnerable
to oil spill effects also make them susceptible to
population level consequences of other pertur-
bations during nonbreeding periods, including
human disturbance, habitat deterioration, and
local overharvest.
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